The goal of the current project was to determine (a) the cognitive abilities assessed by the Mini Mental State Examination (MMSE; M. F. Folstein, S. E. Folstein, & P. R. McHugh, 1975) , (b) whether the same abilities are associated with MMSE performance among people of different ages, and (c) whether the same abilities are involved in changes within the same people over time. The authors therefore examined whether the initial levels of 5 cognitive ability constructs (vocabulary, reasoning, memory, space, and speed) predicted initial levels of MMSE performance and whether the initial levels or the changes in these 5 cognitive abilities predicted change in the MMSE performance. The major findings were that 3 cognitive constructs (vocabulary, reasoning, and memory) contribute to performance in the MMSE but that their respective contributions to the MMSE vary as a function of age and time. In particular, individual differences and change in the MMSE are primarily related to individual differences in reasoning among adults younger than about 70 years, whereas both initial level of MMSE performance and longitudinal change in MMSE performance primarily related to initial level and change in memory ability among adults older than 70 years. The results therefore imply that both the level of performance on the MMSE at a single point in time and the change in MMSE over time may represent somewhat different cognitive abilities at different ages.
The Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975 ) is a cognitive status test widely used to screen for low cognitive functioning and dementia. Because it was designed as a screening instrument, it is acknowledged to provide a rather crude evaluation of cognition. Moreover, relatively little is known about the cognitive abilities it assesses, or whether the same abilities are assessed among people of different ages and within the same people at different points in time. These are the questions addressed in this article.
Several studies have reported correlations between the MMSE and other cognitive variables. For example, Table 1 summarizes a number of the studies reporting relations between the MMSE and various cognitive variables, such as measures of executive functioning, memory, fluid intelligence, reading, speed, arithmetic, and spatial ability. Although it is clear from this table that scores on the MMSE are related to various cognitive variables, a number of characteristics of the studies complicate interpretation of the results. For example, most of the relations have been based on bivariate correlations between a cognitive variable and the MMSE, with occasional analyses in which demographic or health variables, such as education, age, or blood pressure, were controlled. Only a few studies have reported relations between cognitive variables and the MMSE based on multivariate analyses in which influences of other cognitive variables were controlled (e.g., Salthouse, 2005 ; see also Å. ; T.-B. R. to allow unique relations to be determined. That is, because nearly all cognitive variables are positively related to one another (Deary, 2000) , a limitation of analyses examining relations between the MMSE and single cognitive variables is that unique influences of the cognitive variable on MMSE cannot be distinguished from influences of other related cognitive variables. Both unique and shared influences can be assumed to be operating when only one variable is considered, and therefore, the magnitudes of the relations between the cognitive variable and the MMSE can be overestimated when simple bivariate relations are examined.
Another desirable characteristic when investigating relations between the MMSE and specific aspects of cognition missing from many of the previous investigations is examination of the relations at the level of cognitive ability constructs, rather than single cognitive variables. A major advantage of analyses at the level of constructs is that the contributions of variable-specific influences are minimized, and theoretically relevant construct influences are emphasized. Among the several ways of aggregating across multiple variables, perhaps the simplest is to create composite scores based on the average of the z-scores for the relevant variables.
In addition to examining relations between cognitive constructs and the MMSE with cross-sectional data at a single point in time, it is also of interest to examine relations with longitudinal data to determine whether the same cognitive abilities that predict the initial level of the MMSE also predict longitudinal change in the MMSE.
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Correspondence concerning this article should be addressed to Andrea Soubelet, Centre for Mental Health Research, Australian National University, Canberra 0200, Australia. E-mail: soubelet.andrea@gmail.com The current study attempted to incorporate the aforementioned characteristics to investigate the meaning of the MMSE by examining data from a cross-sectional sample of 2,511 adults between 18 and 97 years of age and data from a longitudinal subsample of 1,099 adults between 18 and 94 years of age. All of the participants performed 16 cognitive tests designed to represent five cognitive abilities: vocabulary, reasoning, space, memory, and speed. Prior research (e.g., Salthouse, 2004 Salthouse, , 2005 Salthouse & Ferrer-Caja, 2003; Salthouse, Pink, & Tucker-Drob, 2008) has established that all of the variables have good reliability (i.e., coefficient alphas greater than .7) and validity (i.e., factor loadings greater than .7).
The analyses consisted of two major phases. First, because we were interested in age relations, we examined possible linear and nonlinear age relations in initial level of performance in MMSE (performance at Time 1) and in a measure of change across time, in the form of residuals of the Time 2 MMSE after controlling for the Time 1 MMSE. Second, we examined cognitive correlates of the initial MMSE scores at Time 1 (T1), and of a measure of change based on the residuals of the T2 MMSE scores after controlling for the T1 MMSE scores. We were particularly interested in the possibility that correlates of initial level of MMSE, and of change in MMSE, vary with age. The rationale was that if correlates of initial level and change in MMSE are not the same at different ages, it would suggest that level and change in MMSE reflect different constructs at different ages.
Method Participants
The total sample consisted of 2,511 adults between 18 and 97 years who were initially tested between 2004 and 2009. Partici- Note. MMSE ϭ Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) ; WAIS ϭ Wechsler Adult Intelligence Scale (3rd ed.; Wechsler, 1997a) .
pants were recruited through newspaper advertisements, flyers, and referrals from other participants. The longitudinal subsample involved 1,099 adults aged 18 to 94 at the first test occasion (T1). The interval between test occasions was deliberately varied across participants, with a range from 9 months to 5 years and an average interval of 2.2 years. The correlation between age and retest interval was only .03, and there was no significant difference in the average interval between tests for people younger than 70 and people aged 70 and older. Descriptive characteristics of the total sample and of the longitudinal subsample, each divided into groups of people younger and older than age 70, are provided in Table 2 . Most of the participants reported themselves to be in good to excellent health and had at least some college education.
As a means of evaluating the representativeness of the sample, age-adjusted scaled scores are reported for four tests from the Wechsler Adult Intelligence Scale (3rd ed.; WAIS; Wechsler, 1997a) and the Wechsler Memory Scale (3rd ed.; WMS; Wechsler, 1997b) . These age-adjusted scores have means of 10 and standard deviations of 3 in the nationally representative normative samples, and it can therefore be inferred that the current sample is functioning about 2/3 to 1 standard deviation above the national norms. It is important to note, however, that for the age comparisons, there were relatively small relations of age to the age-adjusted scaled scores for four cognitive variables, indicating roughly comparable positive selection at all ages. Details on possible selective attrition at different ages in the current sample have been provided elsewhere (Salthouse, 2010) . Note. MMSE ϭ Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) . Self-rated health and health limitations on a 5-point scale ranging from 1 (excellent or none) to 5 (poor or a great deal). The age-adjusted scaled scores are based on the nationally representative normative samples from the Wechsler Adult Intelligence Scale (3rd ed.; WAIS-III; Wechsler, 1997a) and Wechsler Memory Scale (3rd ed.; WMS-III; Wechsler, 1997b) , in which the means are 10 and the standard deviations are 3. ‫ء‬ p Ͻ .01.
Materials and Procedure

Mini-Mental State Examination (MMSE; Folstein et al., 1975). Participants completed the original version of the 30-item test.
Cognitive tests. Each participant completed 16 cognitive tests designed to represent five cognitive abilities. Reasoning was assessed with Raven's Advanced Progressive Matrices (Raven, 1962) , Shipley Abstraction (Zachary, 1986) (Ekstrom et al., 1976) , and the Form Boards Test (Ekstrom et al., 1976) . Speed was measured with Digit Symbol (Wechsler, 1997a) , Letter Comparison (Salthouse & Babcock, 1991) , and Pattern Comparison (Salthouse & Babcock, 1991) Tests. Episodic memory was assessed with Logical Memory from the WMS (Wechsler, 1997b) , the Word List Test from the WMS (Wechsler, 1997b) , and a Paired Associates Test developed locally (Salthouse, Fristoe, & Rhee, 1996) . Vocabulary was measured with WAIS Vocabulary Test (Wechsler, 1997a) , Picture Vocabulary Test from the WoodcockJohnson Cognitive Ability Test (Woodcock & Johnson, 1989) , and the Antonym Vocabulary and Synonym Vocabulary Tests (Salthouse, 1993) .
Descriptions of the tests and their sources, as well as information about reliability and validity in the form of confirmatory factor analyses indicating the pattern of relations of variables to ability constructs, are contained in other articles (Salthouse, 2004 (Salthouse, , 2005 (Salthouse, , 2010 Salthouse & Ferrer-Caja, 2003; Salthouse et al., 2008) . Scores for each test were converted to z scores based on the distribution of scores in the whole sample (T1) and were then averaged to form composite measures of reasoning, space, speed, memory, and vocabulary. Estimates of longitudinal change were computed for each of the five cognitive abilities by subtracting the T1 composite score from the T2 composite score.
Results
Age Relations in Level and Change in MMSE
Means and standard deviations for the MMSE T1 scores as a function of age are portrayed in Figure 1 , along with values from a large sample of college-educated adults in a study by Crum, Anthony, Bassett, and Folstein (1993) .
1 It is apparent in both data sets that the means are fairly similar at each decade of age before 70 years and that there is a discontinuity around age 70. Although both the linear (␤ ϭ -.16*) and quadratic (␤ ϭ -.50*) age relations were significant, with a total R 2 of .04, the slope of age was small (r ϭ -.07*) from ages 18 to 69 years but larger (r ϭ -.27*) from 70 to 97, indicating greater age differences in MMSE T1 scores at older ages.
The relation of age with MMSE change, as measured by residuals of the MMSE at T2 after controlling MMSE at T1, was next examined in the longitudinal sample. The age trend was fairly similar to the age trend in the MMSE at T1, as the slope for age was larger from age 70 to 97 (r ϭ -.16) than from 18 to 69 (r ϭ -.01), indicating greater negative changes at older ages than at younger ages.
Because of the somewhat different patterns below and above age 70, in addition to analyses of the complete sample, two-group contrasts comparing patterns in adults between 18 and 69 years and between 70 and 97 were also conducted to examine cognitive correlates of initial level and change in MMSE.
Cognitive Correlates of MMSE at T1
Multiple regression analyses were used to predict MMSE score at T1, with composite scores of reasoning, space, memory, speed, and vocabulary as simultaneous predictors. Unstandardized regression coefficients, with standard errors, and standardized regression coefficients are reported in Table 3 . MMSE score at T1 was significantly related to vocabulary, reasoning, and memory scores at T1, in each case in the direction of people with higher levels of ability having higher scores in MMSE at T1.
The cross-product terms of age and each cognitive composite score were computed and entered in the regression equation to test possible interactions between age and cognitive abilities in the prediction of MMSE score at T1. None of the interactions between age and cognitive abilities in the prediction of MMSE at T1 was significant. As noted above, additional analyses were conducted in which the predictors were compared in adults between 18 and 69 years of age and in adults between 70 and 97 years of age. This specific age boundary was selected because of the discontinuity around age 70 in Figure 1 , but parallel analyses conducted with age cutoffs of 65 and 75 years of age yielded similar results, and thus, the particular age boundary used to distinguish groups is not critical for the results.
We computed t tests to determine whether the regression coefficients were significantly different in the two groups d values to indicate the effect sizes of these differences. These results are reported in Table 3 . The t test indicated that memory was a significantly stronger predictor of MMSE at T1 in the older group than in the younger group. However, the effect sizes associated with the differences were relatively small (i.e., d ϭ .13).
Cognitive Correlates of MMSE Change
Change in the MMSE, as measured by residuals of MMSE T2 after controlling for MMSE at T1, was predicted by T1 MMSE, T1 vocabulary, T1 reasoning, and T1 memory in the direction of higher levels of MMSE, vocabulary, reasoning, and memory associated with less negative changes in MMSE over time. Change in the MMSE was also associated with change in vocabulary and memory in the direction that people who showed more negative change in vocabulary and memory also showed more negative change in the MMSE. Unstandardized regression coefficients, standard errors, and standardized regression coefficients for these analyses are reported in Table 4 . The only interaction of age in the prediction of MMSE change was T1 memory (␤ ϭ .12*), which was in the direction of a greater contribution of T1 memory to MMSE change with advancing age.
Similar analyses were conducted in the samples under and over age 70, with the results reported in Table 4 . t tests revealed significant differences between the two age groups in the relations of T1 memory and change in memory to change in MMSE, with d values of .30 and .26, respectively, indicating larger relations in the older group.
Additional analyses were carried out to examine the robustness of the relations described in Tables 3 and 4 . In the first set of analyses, the data from participants with MMSE scores below 27 were eliminated. Removal of the data from low-scoring individuals minimizes skewness and kurtosis, but the results with both the T1 and T2 residual scores were very similar to those with the complete data. Next, repetition and recall items were removed from the MMSE scores, and again, the results of these analyses were similar to the original analyses, which suggests that the greater effects of memory at older ages were not simply attributable to the memory items in MMSE. We next examined the relations of age with the different subscales of the MMSE. The strongest relation was found between age and the recall subscale (␤ ϭ -.21* at T1, and ␤ ϭ -.33* for change in recall), followed by the relation between age and the language subscale (␤ ϭ -.15*at T1, and ␤ ϭ -.12* for change in language). There was a weak age relation in the repetition subscale at T1 (␤ ϭ -.08*), no relation of age with change (Folstein, Folstein, & McHugh, 1975 in repetition, and no relation of age with either initial level or change in the attention/calculation and orientation subscales.
Discussion
The goal of the current project was to determine (a) the cognitive abilities assessed by the MMSE, (b) whether the same abilities are assessed among people of different ages, and (c) whether the same abilities are assessed within the same people at different points in time. We therefore examined whether initial levels of five cognitive constructs (vocabulary, reasoning, memory, space, and speed) predicted initial levels of MMSE performance and whether both initial levels and changes in these five cognitive constructs predicted change in the MMSE performance over time.
The major findings of the study were that three cognitive constructs (vocabulary, reasoning, and memory) were associated with performance in the MMSE, but their respective contributions to the MMSE differed as a function of age and time. Initial level and change in the MMSE were primarily predicted by individual differences in reasoning ability at younger ages, whereas initial level and change in MMSE at older ages were primarily predicted by individual differences and change in memory. These differential relations suggest that reasoning is the most sensitive aspect of cognitive functioning at younger ages and that memory is the most sensitive at older ages. Reasoning may therefore represent general cognitive ability at younger ages, but memory influences might dominate and obscure the reasoning influences at older ages.
These findings have several implications. First, they provide evidence on what the MMSE assesses. The MMSE is primarily used as a measure of general cognitive functioning. However, it is clear from the current project that it does not assess all of the major cognitive abilities. Although there are been several reports of significant relations between the MMSE and speed and spatial variables (see Table 1 ), neither speed nor spatial ability was found to contribute uniquely to either initial level or change in MMSE. This apparent discrepancy in the results is likely explained by shared variance between cognitive abilities. Consistent with previous reports, the current data showed bivariate significant relations of speed and space abilities with MMSE scores. However, in analyses that controlled for shared variance between cognitive abilities, there were no unique contributions of either space or speed in the MMSE. There are at least three possible reasons for the apparent lack of contribution of these two abilities in the MMSE score. One is that there are no items in the MMSE with time constraints that may be sensitive to differences and changes in speed ability. Another reason why space ability was not related to MMSE is that the only item that might be related to spatial ability consists of copying a drawing, which does not require any mental object rotation or visualization of any complex three-dimensional objects, both of which are typically assessed with standardized measures of spatial ability. Furthermore, sensitivity of this item may be limited by ceiling effects, because only nine percent of the participants failed to receive credit for the copying/drawing item.
Second, the greater involvement of memory at older ages is consistent with the relative effectiveness of the MMSE in screening for certain types of dementia in older adults (for a metaanalysis, see Mitchell, 2009 ), often over age 65 or 70. Because Alzheimer's dementia first affects memory, it is likely that the sensitivity of the MMSE regarding memory ability explains why it might prove useful in detecting dementia. In a similar way, its effectiveness in predicting conversion of healthy older adults to dementia (e.g., Small, Herlitz, Fratiglioni, Almkvist, & Bäckmam, 1997) may reflect the presence of memory disorders before the onset or diagnosis of dementia.
Third, measurement invariance of a scale is often assessed with internal measures, to determine if similar factors are evident across different groups. However, external relations with other variables are also important. The findings from the current project suggest that regardless of internal evidence, total scores of the MMSE reflect different contributions of abilities at different ages or across time within the same individuals.
